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Iatrogenic atrioventricular bypass tract
following a Fontan operation for
tricuspid atresia

SIR,—Rosenthal et al recently documented the
presence of an atrioventricular bypass tract
after a modified Fontan operation in which
the right atrial appendage was anastomosed to
the right ventricular outflow tract.1 Their
patient developed persistent supraventricular
tachycardia resulting from atrioventricular
re-entry within the surgical right anastomosis,
which was abolished by radiofrequency abla-
tion.They also mentioned a previous report of
ablation after the Fontan operation.2 Based on
the evidence of these cases and other reports
that document conduction across the atrio–
atrial anastomosis3 4 the authors suggest that
growth of excitable tissue across the surgical
scar may be possible in patients who have
undergone this type of the Fontan operation.
We have observed the de novo appearance

of a pre-excitation pattern after a Fontan
operation. A 16 year old woman had been
diagnosed with tricuspid atresia at birth, and
an atrioventricular type of Fontan anastomo-
sis was undertaken when she was 5 years old.
Twelve months after surgery the ECG
pattern suddenly changed suggesting an
atrioventricular bypass tract that had not
been recorded previously (fig 1). Although we
cannot rule out that the bypass tract was con-
genital in origin, it is possible that this could
be a new case of conduction across the surgi-
cal scar. The direction of the initial forces of
the depolarisation suggests a right antero-
lateral location of the bypass tract, which
would be unusual in cases with absent right
atrioventricular connection, as in our case. In
contrast with the two previously reported
cases who had concealed accessory pathways,
our patient had an overt pre-excitation
pattern with short PR and delta wave.
Arrhythmias after Fontan operation may

be related to the surgical dissection around
the sinoatrial node or to a deterioration in
function.5 The appearance of acquired atrio-
ventricular conduction as in our case and
others,1 2 complicates even more the scope of
postsurgical arrhythmias in Fontan patients.

It seems therefore appropriate to avoid atrio-
ventricular anastomosis in favour of lateral
tunnel techniques.
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Atrial fibrillation and the thyroid

SIR,—We read with interest in the editorial by
Forfar1 that both clinical and subclinical
hyperthyroidism are associated with the sub-
sequent development of atrial fibrillation.

The association of hypothyroidism with atrial
fibrillation is less recognised.2 3 For example,
the Canadian Registry of Atrial Fibrillation
Investigators4 reported that 1.5% of 726
patients with atrial fibrillation had hypothy-
roidism over a period of 1.7 years. However,
Tajiri et al reported that up to 8% of the 75
elderly patients with atrial fibrillation (mean
age 75.6 years) studied were found to be
hypothyroid, following a thyrotropin releas-
ing hormone test.5

We recently encountered a 61 year old man
who was referred by his general practitioner
with a two month history of peripheral
oedema and hypertension. He was found to
be in atrial fibrillation, with blood pressure of
160/100 mm Hg. There was no evidence of
heart failure, and he was clinically hypothy-
roid. Thyroid function tests revealed a
thyroid stimulating hormone (TSH) concen-
tration of 160 mIU/l (normal range 0.4–5.5)
and free T4 of 3 pmol/l (normal range 9–19)
confirming hypothyroidism. Transthoracic
echocardiography showed normal left ven-
tricular systolic function with borderline
enlargement of the left atrium (4.1 cm) and
the absence of left ventricular hypertrophy or
pericardial eVusion. After treatment with
aspirin 300 mg, and thyroxine replacement
for four months (dose titrated to 100 µg
daily) he was found at outpatient review to be
in sinus rhythm. A repeat 24 hour Holter
monitor recorded a few short episodes of
paroxysmal atrial fibrillation. At four months
he appeared clinically euthyroid and repeat

Figure 1 (A) ECG one year before the operation shows a normal PR interval and a narrow
ascending limb of the QRS. (B) One year after the Fontan operation the ECG reveals a short PR
interval and a widened QRS with delta wave.
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thyroid function tests showed a TSH of
20.8 mIU/l and free T4 of 15 pmol/l.
In the west Birmingham atrial fibrillation

project, we reported the presence of hyper-
thyroidism in 16 of 213 white patients (7.5%)
who were admitted to hospital with atrial
fibrillation.6 No cases of thyroid disease were
found among black or Asian patients. In our
recent general practice survey, we found 17
cases (15.3%) of previous hyperthyroidism
among 111 patients with atrial fibrillation,
although only about half of the patients in the
survey had thyroid function blood tests at any
time.7

Although excessive chronotropic stimula-
tion by thyroid hormones and activation of
the sympathetic system may lead to the
development of atrial fibrillation in thyrotoxi-
cosis, our patient developed atrial fibrillation
despite the low chronotropic “drive” with his
hypothyroidism.Hypothyroidismmay also be
associated with cardiomyopathy or pericar-
dial eVusion, but there was no evidence for
this on the echocardiogram. However, our
patient was hypertensive, which may have led
to a high left atrial pressure as a result of a
reduced compliance in the left ventricle,
although the latter is more common when left
ventricular hypertrophy is present. Although
our patient did not have left ventricular
hypertrophy, the possibility remains that he
may have had underlying coronary artery
disease. This case should remind clinicians
that hypothyroidism, as well as hyperthy-
roidism, can be associated with the develop-
ment of atrial fibrillation, and careful vigi-
lance is necessary.
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Cardiac rehabilitation: economic
evaluation should be interpreted with
caution

SIR,—I thank Taylor and Kirby1 for drawing
attention to the cost eVectiveness of cardiac
rehabilitation but feel that the issue should be
opened to further debate.
Cardiac rehabilitation, like any therapeutic

intervention, should of course be subjected to
economic evaluation. However, it is not suY-
cient to focus solely on eVectiveness measures
without taking into consideration issues such
as health related quality of life (HRQOL).2

Indeed, in reporting the study by Oldridge et
al3 the authors have highlighted this point.
While the adaptation of the 1988 Oldridge
data to current UK cost-utility figures for
selected cardiovascular interventions can be
justified, interpretation of the figures may be
misleading. Of particular note is the fact that
if HRQOL factors are ignored then the
current £6900/quality adjusted life year
gained for cardiac rehabilitation may be
expected to triple.
Furthermore, it may be argued that too

much attention has been paid to rate of
survival (although obviously important) fol-
lowing cardiac rehabilitation, when improved
HRQOL is the expected main benefit.4 This
is likely to create potentially misleading data
and obviously does not allow a well informed
economic judgment.
In economic analysis, additional costs may

have to be included.5 With respect to cardiac
rehabilitation direct costs such as exercise
clothing and shoes are likely to be minimal;
however, indirect costs such as loss of wages
for time spent in rehabilitation could be con-
siderable. Considering that return to work is
a favourable outcome measure following
myocardial infarction or coronary artery
bypass grafting, the economic implications of
rehabilitation stalling return to the workplace
are considerable. Of course, cardiac rehabili-
tation may also hasten return to work.
Finally, there remains the diYcult question

of accurate economic analysis of an interven-
tion that as yet is not fully defined. The
authors acknowledge that the term “compre-
hensive cardiac rehabilitation” is rendered
imprecise by the diVerences between indi-
vidual programmes. Thompson and
Bowman6 in the most recent review of the
eVectiveness of cardiac rehabilitation recom-
mended that further work be done to evaluate
the most appropriate means of delivering car-
diac rehabilitation. Therefore, until consen-
sus is achieved as to what comprehensive car-
diac rehabilitation actually entails, economic
data should be interpreted with caution and
be used to guide decision making, rather than
be the absolute basis for decision making with
respect to a cardiac rehabilitation service.
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This letter was shown to the authors, who reply
as follows:

SIR,—We thank Grant for his comments,
which raise important questions about eco-
nomic evaluation. We agree that the idea of
economic evaluation of cardiovascular inter-
ventions should aim to take account of
HRQOL measures and, moreover, undertake
cost-utility analysis such as cost per quality
adjusted life year as presented in table 2 of
our paper; but it is equally important to bear
in mind that there are methodological
problems in doing so.1 The evidence support-
ing the statement that “HRQOL is the
expected main benefit” of cardiac rehabilita-
tion at present remains limited, as recently
highlighted in a review by Oldridge.2

The issue of the indirect costs (as the result
of work non-attendance) associated with
attending a cardiac rehabilitation programme
is an interesting one. To address this we
revisited the data of Levin et al3 discussed in
our editorial, and calculated the costs that
would be incurred as the result of loss of
work. Assuming patients attended 36 sessions
(three sessions per week for three months) of
three hours per session of outpatient cardiac
rehabilitation, the average indirect cost would
be approximately £1300 per patient (in
1994–95 prices). From a societal perspective,
this indirect cost would oVset by the ∼ 15%
savings gained by the health service over five
years following cardiac rehabilitation.
Finally, as we emphasised in our conclu-

sions, this editorial is based on a synthesis of
a relatively small evidence base. Moreover,
there is an urgent need for further research,
including formal evaluation of the relative
cost eVectiveness of the various elements of
so called comprehensive cardiac rehabilita-
tion.
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